
shimizu@bi.a.u-tokyo.ac.jp

2

•
– http://lecture.ecc.u-tokyo.ac.jp/~ashimizu/

ID: bioinfo
: 5455

3

•

•
•
•
•
•

5

BLAST

PSI-BLAST

PROSITE

• domain : 

– 1
– 200

• G. A. Petsko, D. Ringe, Protein Structure and Function, New 
Science Press, 2004. 

•

•
•
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7GO

5%

10%

15%

171.1
200 71.3%
SCOPe 2.06 by Shimizu

SCOP

• 65% 40%

– Ekman D, et al. "Multi-domain proteins in the three kingdoms of life: orphan 
domains and other unassigned regions". Journal of Molecular Biology. 348: 
231-243 (2005). doi:10.1016/j.jmb.2005.02.007. 

•
1

– Davidson JN, Chen KC, Jamison RS, Musmanno LA, Kern CB (March 
1993). "The evolutionary history of the first three enzymes in pyrimidine 
biosynthesis". BioEssays. 15: 157–164. doi:10.1002/bies.950150303. 
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9

Src

SH3 SH2 Protein Kinase

UniProtKB P12931
PDB 2h8h

UniProtKB Q06124
PDB 2shpSH2 Tyrosine PhosphataseSH2

Dynamin PH GED
UniProtKB Q9UQ16
PDB 5a3f

GTPase

SH2: Src homology 2 domain
SH3: Src homology 3 domain

PH: Pleckstrin homology domain
GED: Dynamin GTPase effector domain

•
–
–

•
–
–

10

G
RGS BARK

RGS

RGS1

RGS3

RGSC2 PDZ

RGS6

RGSDEP GGL

RGS

BARK1

PK AGCK PH

Sorting nexin-12

PX

PX

Sorting nexin-13

RGS PXARGS

BARK2

PK AGCK PH

RGS: Regulator of G-protein signaling
C2: Membrane targeting
PDZ, DEP: Involved in the signaling proteins
GGL: Found in the gamma subunit of the 
heterotrimeric G protein complex, etc

PK: Protein kinase
AGCK: AGC kinase
PH: Pleckstrin homology
PX: Phospholipid-binding
PXA: PX-associated

•

–

–

•

11

•

–
•  TATA

GT-AG
•

–

–

12

•  

•  

Rieske

O88036_STRCO QWYVAAYSHEVGR...E.LLGRTVL.GEPLVLYRAEEDGGPVVLHDRCVHRRYPLSEAPTRLDG....DR.....IVCGYHGFTYDTT....GTCVYVPGQ
P94679_COMTE CWYVAAWDTEIPA...EGLFHRTLL.NEPVLLYR.DTQGRVVALENRCCHRSAPLHIG..RQEG....DC.....VRCLYHGLKFNPS....GACVEIPGQ
O24841_ACIAD AWYVACRPEEIQD...K.PLGRTIC.GEKIVFYR.GKENKVAAVEDFCPHRGAPLSLG..YVED....GH.....LVCGYHGLVMGCE....GKTIAMPAQ
O24847_ACIAD QWYPVLASWEVSA....NPVGITRL.GENIVVWR.DEAGQLYALEDRCPHRGARLSLGWNLGDR...........VACWYHGVRSGGR...MVLVADVPAV
PHT3_PSEPU HWTPVCLLEEVSEPDG.TPVRARLF.GEDLVVFR.DTDGRVGVMDEYCPHRRVSLIYG..RNEN....SG.....LRCLYHGWKMDVD....GNVVEMVSE
Q9ZN84_PSEPA YWHPIGGESEFET....KATRPVRLMGEDLVLYK.DLSGNYGLMDRHCPHRRADMACGMVEADG...........LRCSYHGWMFDAQ....GACTEQPFE
POBA_PSEPS YWQPVALSADV..T.D.RPQMVRIL.GEDLVLFR.DKAGRPGLLYPRCMHRGTSLYYG..HVEE....AG.....IRCCYHGWLFAVD....GTCLNQPCE
CBAA_COMTE YWIPALKSTEL.EAGG.SPVRLLLL.GEKLVAFR.EPSGAVGVMDSRCPHRGVSLFMG..RVEE....GG.....LRCVYHGWKFSAE....GKCVDMPSV
P74403_SYNY3 GWYWLLRSKQLKR....GQVKAVFLLGKDLAVYR.TDSGKVVAVDAYCPHMGAHLAEGKVEEES...........LRCFFHNWRFDHH....GHCVEVPCL
P74496_SYNY3 GWYIVCPSRTLRR....GQAKSLALCGQKIVVFR.GEDGKARALHGYCPHLGTDLGLG..QVED...S......WIRCNFHRWAFDET....GKCRHIPCQ
Q9RBU4_PSEPY SWYVAMRSDDLKD....KPTELMLF.GRPCVAWR.GATGRAVVMDRHCSHLGANLADG..RVED....GC.....IQCPFHHWRYDEQ....GQCVHIPGH
Q9RPG0_MYXFU SWYVAMRSDALRG....KPVAIKLF.GQPLVAWR.DGGGRPVVMERYCSHLGASLAKG..KVVE....GC.....IQCPFHNWRYDST....GACSHVPGH
P73872_SYNY3 VPFTVPRNDLLTQ....ANPGGNVYYGAGDRVYWAKPEG.KEALSLTCSHQGCTVAKQ....EN...GQ......FICPCHGAVYDAD....GQVIQGPAK
Q53766_SULAC QALTGQQITEIPN...PYYGKYAGPLGQIQTIKGVGPNGTIFAFSDVCVHLGCQLPAQVIVSSESDPGLYAKGADLHCPCHGSIYALKD..GGVVVSGPAP
Q9RX80_DEIRA TGDMVTRNGDPTS..ILAIYKFPKGQMEEPTKLDATIDGEIVAYGDRCQHAGCNVEDGQNGIMN.............CPCHSGQYDPKR..GCKVVGGPPP
QCRA_BACTC VKEITTEPKRFDFKVKVKDAWYESEEPRSAWVYKDEKGD.IIALSPVCKHLGCTVDWNTD...KN..NPN....HFFCPCHYGLYT.KDG.T..NVPGTPP
QCRA_BACSU VDELTKEPQRFDFKINQVDAWYESEESRSAWVFKN..GDEIVALSPICKHLGCTVNWNSD...PK..NPN....KFFCPCHYGLYE.KDG.T..NVPGTPP
Q9ZJ56_HELPJ EGQFSTVEWRGKP...VYILKRSKKEGFNEKRDFKIGDSVFTTAIQICTHLGCIPTYQ...DEE...KG......FLCPCHGGRFTADG...VNIAGTPPP
O66460_AQUAE TLFAIRLPKDFKP..EGYTLKKGALNSKGTTNYEILKGHDVFALVGVCTHLGCIPLWKPQGEGG....INK..PVFHCPCHGGLYTPY....GDVIGGPPP
Q9ZGG1_HELMO QPKKIAKLADLKP....MEALHFDYNDVPCLAIK.TGKGEVIAYKLKCTHLGCTVDVPKGSLEG...KK......LVCPCHGGQFDPE....GNNVGGPPP
UCRI_BOVIN   LFVRHRTKKEIDQEAAVEVSQLRDPQHD....LERVKKPEWVILIGVCTHLGCVPIAN...AGD....FG....GYYCPCHGSHYDAS....GRIRKGPAP

PROSITE PS51296
Rieske [2Fe-2S] 

13

C-x-H-x(15-17)-C-x-x-H

Rieske

Ligand Explorer

Cytochrome bc1 UniProtKB: UCRI_BOVIN, PDB: 1L0L E
2Fe-2S

HIS161

CYS139

CYS158

14

HIS141

PROSITE PS51296

UCRI_BOVIN

Leucine Zipper

L-x(6)-L-x(6)-L-x(6)-L 
DNA 2

AP1_HUMAN    IARLEEKVKTLKAQNSELASTANMLREQVA
ATF2_MOUSE   VQSLEKKAEDLSSLNGQLQSEVTLLRNEVA
CREB2_BOVIN  VKCLENRVAVLENQNKTLIEELKALKDLYC
JUNB_HUMAN   IARLEDKVKTLKAENAGLSSTAGLLREQVA
FOS_PIG TDTLQAETDQLEDEKSALQTEIANLLKEKE

PROSITE PS00029

15
Molecular Biology of the Cell, 6 edition

N

OmoMYC bound to double-stranded DNA
PDBID: 5l50

Zinc Finger

C-x(2,4)-C-x(3)-[LIVMFYWC]-x(8)-H-x(3,5)-H
DNA

Zif268-DNA complex, PDBID:1zaa 

HIC1_CHICK   --ILRPYRCSSCDKSYKDPATLRQHEKTHWLTRPYPCTICGKKFTQRGTM
MET31_YEAST  KEGAQLYSCAKCQLKFSRSSDLRRHEKVHSLVLPHICSNCGKGFARKDAL
PRD10_HUMAN  FHSEKIYQCTECDKAFCRPDKLRLHMLRHSDRKDFLCSTCGKQFKRKDKL
SALL1_HUMAN  KKATDPNECIICHRVLSCQSALKMHYRTHTGERPFKCKICGRAFTTKGNL
ZBTB7_RAT    HTGEKPYECNICKVRFTRQDKLKVHMRKHTGEKPYLCQQCGAAFAHNYDL

PS00028
PS50157     

PROSITE

16
Molecular Biology of the Cell, 6 edition
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PROSITE
•
•
•

• EBI ExPaSy Proteomics Server
• https://prosite.expasy.org/

17

PROSITE

18

•
• ProRule

PROSITE

zinc finger
Search

19

PROSITE

20

PROSITE

PDOC00028 zinc finger C2H2-type domain 
signature and profile

21

PROSITE

zinc finger C2H2

22

PROSITE

MATRIX

23

PATTERN

PROSITE

MATRIX: 

https://prosite.expasy.org/prosuser.html
24
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PROSITE
/GENERAL_SPEC: ALPHABET='ABCDEFGHIKLMNPQRSTVWYZ'; LENGTH=28;
/DISJOINT: DEFINITION=PROTECT; N1=3; N2=26;
/NORMALIZATION: MODE=1; FUNCTION=LINEAR; R1=-0.6689000; R2=0.0207831; TEXT='NScore';
/NORMALIZATION: MODE=-1; FUNCTION=LINEAR; R1=1259.5933838; R2=1.0076727; TEXT='Heuristic 5.0%';
/CUT_OFF: LEVEL=0; SCORE=442; H_SCORE=1705; N_SCORE=8.5; MODE=1; TEXT='!';
/CUT_OFF: LEVEL=-1; SCORE=345; H_SCORE=1607; N_SCORE=6.5; MODE=1; TEXT='?';
/DEFAULT: D=-20; I=-20; B1=-50; E1=-50; MI=-105; MD=-105; IM=-105; DM=-105;

A   B   C   D   E   F   G   H   I   K   L   M   N   P   Q   R   S   T   V   W   Y   Z
/I:         B1=0; BI=-105; BD=-105;
/M: SY='Y'; M=-19,-21,-24,-25,-21, 39,-28, 10, -2,-17,  2,  0,-17,-28,-19,-13,-18,-10, -7, 12, 48,-21;
/M: SY='K'; M= -4, -5,-23, -5,  6,-20,-18, -9,-14,  7,-15, -7, -5, -9,  3,  2, -2, -2, -9,-25,-12,  4;
/M: SY='C'; M=-10,-20,118,-30,-30,-20,-30,-30,-30,-30,-20,-20,-20,-40,-30,-30,-10,-10,-10,-50,-30,-30;
/M: SY='E'; M= -5,  3,-24,  3,  6,-22,-11, -6,-20,  1,-21,-14,  4, -1,  1, -3,  5,  2,-18,-29,-15,  3;
/I:         I=-12; MI=0; MD=-30; IM=0; DM=-30;
/M: SY='E'; M= -9, -2,-26,  1, 14,-18,-17, -4,-13, -1,-11, -8, -5,-12,  4, -5, -5, -8,-12,-24, -9,  8;
/M: SY='C'; M=-10,-20,119,-30,-30,-20,-30,-30,-30,-30,-20,-20,-20,-40,-30,-30,-10,-10,-10,-50,-29,-30;
/M: SY='G'; M= -3, -1,-28, -1, -7,-28, 36,-11,-33,-11,-27,-18,  4,-15,-10,-12,  1,-13,-27,-24,-23, -9;
/M: SY='K'; M=-10, -2,-28, -3,  8,-25,-19, -7,-26, 36,-24, -8, -1,-12, 10, 27, -9, -9,-18,-19, -8,  8;
/M: SY='A'; M=  8, -7, -9,-11, -7,-17, -7,-14,-16, -6,-16,-11, -4,-15, -6, -5,  8,  4, -7,-27,-15, -7;
/M: SY='F'; M=-19,-29,-19,-37,-28, 71,-29,-17,  0,-28,  9,  0,-20,-30,-36,-19,-19, -9, -1,  9, 31,-28;
/M: SY='S'; M=  0, -5,-17, -9, -6,-16,-11,-10,-14, -3,-16,-10,  0,-12, -4,  0,  8,  7, -8,-27,-12, -6;
/M: SY='R'; M=-10, -3,-20, -4,  0,-18,-17,  2,-19,  3,-16, -8,  0,-17,  8,  9, -1, -3,-17,-19, -5,  3;
/M: SY='R'; M= -4, -4,-22, -6,  0,-19,-13, -5,-18,  7,-18, -9,  1,-10,  2,  8,  2, -2,-14,-25,-11,  0;
/M: SY='S'; M=  2, -1,-16, -1, -1,-18, -4, -6,-19, -7,-22,-14,  4,-12, -2, -7, 16,  7,-13,-29,-12, -2;
/M: SY='N'; M= -5,  5,-20,  1,  0,-18,-10,  8,-18, -5,-18,-11,  9,-16,  1, -4,  4, -1,-17,-27, -7, -1;
/M: SY='L'; M=-11,-29,-20,-30,-20, 12,-29,-19, 17,-27, 43, 18,-28,-29,-20,-18,-28,-10,  9,-18,  2,-20;
/M: SY='R'; M= -6, -6,-22,-10, -4,-15,-20, -8, -7,  2, -9, -3, -2,-16,  0,  3, -3,  0, -6,-24, -8, -3;
/M: SY='R'; M= -6, -6,-23, -7,  0,-19,-17, -7,-14,  7,-13, -6, -2,-16,  4, 12, -3, -3,-10,-24,-10,  0;
/M: SY='H'; M=-20,  0,-30,  0,  0,-20,-20, 99,-30,-10,-20,  0, 10,-20, 10,  0,-10,-20,-30,-30, 20,  0;
/M: SY='Q'; M=-10,-10,-25,-12,  1,-16,-22, -2, -6,  1, -3,  6, -9,-17, 13,  3, -9, -8, -9,-19, -4,  6;
/M: SY='R'; M=-13, -8,-26, -9,  0,-19,-19, -4,-21, 20,-16, -6, -2,-17,  6, 35, -8, -7,-14,-21, -9,  0;
/I:         I=-12; MI=0; MD=-29; IM=0; DM=-29;
/M: SY='V'; M= -3,-16,-17,-21,-17, -6,-25,-20, 11,-15,  2,  3,-12,-18,-14,-14, -2,  9, 13,-25, -7,-17;
/M: SY='H'; M=-20,  0,-30,  0,  0,-20,-20, 97,-30,-10,-20,  0, 10,-20, 10,  0,-10,-20,-30,-30, 19,  0;
/M: SY='T'; M=  1, -2,-13, -8, -6,-14,-15,-15,-12, -7,-13, -9,  0,-12, -6, -8, 14, 25, -5,-29,-12, -6;
/M: SY='G'; M= -3, -4,-27, -4, -8,-27, 34,-14,-32, -9,-25,-16,  2,-15,-10, -9,  0,-13,-24,-23,-23,-10;
/M: SY='E'; M= -9,  6,-27, 12, 33,-26,-17, -3,-24,  7,-18,-15, -1, -6, 12,  0, -2, -8,-22,-28,-16, 22;
/M: SY='K'; M=-11, -1,-28, -2,  6,-25,-17, -6,-27, 32,-25,-10,  1,-11,  8, 28, -7, -8,-19,-22,-11,  6;
/M: SY='P'; M= -7,-14,-32, -9, -1,-24,-17,-15,-18, -7,-23,-15,-13, 51, -7,-13, -6, -6,-23,-28,-22, -7;
/I:     E1=0;

25

A   B   C   D   E   F   ...

/I:    B1=0; BI=-105; BD=-105;

/M: SY='Y'; M=-19,-21,-24,-25,-21, 39,  ...

/M: SY='K'; M= -4, -5,-23, -5,  6,-20,  ...

/M: SY='C'; M=-10,-20,118,-30,-30,-20,  ...

/M: SY='E'; M= -5,  3,-24,  3,  6,-22,  ...

/I:    I=-12; MI=0; MD=-30; IM=0; DM=-30;

/M: SY='E'; M= -9, -2,-26,  1, 14,-18,  ...

/M: SY='C'; M=-10,-20,119,-30,-30,-20,  ...

I

I

D

D

D

D

D

D

PROSITE Generalized Profile

B

26

PROSITE

PATTERN: 

27

PROSITE
• The standard IUPAC one-letter codes for the amino acids are used. 
• The symbol 'x' is used for a position where any amino acid is accepted. 
• Ambiguities are indicated by listing the acceptable amino acids for a given 

position, between square parentheses ‘[ ]’.
 [ALT] stands for Ala or Leu or Thr. 

• Ambiguities are also indicated by listing between a pair of curly brackets ‘{ }’ 
the amino acids that are not accepted at a given position.

 {AM} stands for any amino acid except Ala and Met. 
• Each element in a pattern is separated from its neighbor by a '-'. 
• Repetition of an element of the pattern can be indicated by following that 

element with a numerical value or a numerical range between parenthesis.
 x(3) corresponds to x-x-x, x(2,4) corresponds to x-x or x-x-x or x-x-x-x. 

• When a pattern is restricted to either the N- or C-terminal of a sequence, that 
pattern either starts with a '<' symbol or respectively ends with a '>' symbol. In 
some rare cases (e.g. PS00267 or PS00539), '>' can also occur inside square 
brackets for the C-terminal element. 'F-[GSTV]-P-R-L-[G>]' means that either 
'F-[GSTV]-P-R-L-G' or 'F-[GSTV]-P-R-L>' are considered. 

• A period ends the pattern. 
Documents Document describing the syntax of profiles in 
PROSITE A generalised profile syntax for protein and nucleic acid 
sequence motifs, profile.txt

28

PROSITE

29

PROSITE 10
C-x(2,4)-C-x(3)-[LIVMFYWC]-x(8)-H-x(3,5)-H

605 627
CLYPNCNKVFKRRYNIRSHIQTH

74                                                  96
CSTCDQTFQNHQEQREHYKLDWH

383 403
CNQCEFVTNMLLDLKAHLYQH

30

PS00028

15                                              37
CHACEIACVMAHNDEQHVLSQH 

166                                               190
CSIVQGCKRTYLSQRDLQAHINHRH

Zinc Finger C2H2-type
PATTERN
PS00028

MATRIX
PS50157

True Positive 2096 1997
False Negative 114 210

False Positive 238 9

168 1928 69

PATTERN MATRIX

True Positive

Release 2021_02 of 07-Apr-2021 
31

PROSITE 11

seq1.txt
Scan

exclude patterns with a high 
probability of occurrence 

32
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PROSITE 12

33

PROSITE 13

SARS CoV2
cov2.fasta SARS CoV
cov.fasta

34

PROSITE 14

35GO

SARS CoV2 SARS CoV

36GO

: CoV2 Mpro 6lu7
: CoV Mpro 2a5k

SARS CoV2 SARS CoV

37GO

CoV2_Mpro SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGH
2a5k.1.A  SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGH

CoV2_Mpro SMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFC
2a5k.1.A  SMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFC

CoV2_Mpro YMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE
2a5k.1.A  YMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE

CoV2_Mpro PLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ
2a5k.1.A  PLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQ

35 46 65

86 88 94 134

202

267 285 286

41

145

PSI-BLAST

38

Position-Specific Iterated BLAST

BLAST

PAM, BLOSUM

BLAST

PSI-BLAST
• i

– n(i, j): j
– j f(i, j) 

• PSI-BLAST S(i, j)

– P(j) j
– Q(i, j) j 

– 1 = 10
– q(i, j)

j
jin

jinjif
),(

),(),(

)(
),(log),(

jP
jiQjiS

),(),(),( jigjifjiQ

k
jkq

kP
kifjig ),(
)(
),(),(

39PSI-BLAST

NFDWSNVHGKWWEYA
DFDLSAIAGAWHEFA
NFDKARMAGTWYAFA
GLDIQKVAGTWYSVA
NFNVEKINGEWHTII

i

N

f(i, I) = 0.4,
f(i, V) = 0.4,
f(i, M) = 0.2 

PSI-BLAST

40

BLAST

40

30

20

10

0

PSI-BLAST

1
2
5

E-value < 0.0001 E-value < 0.0001

family

superfamily
•
•
•

100

PSI-
BLAST BLAST
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PSI-BLAST

41

seq3.txt
1atn A

Database Protein Data Bank 
proteins(pdb)

PSI-BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cgi

PSI-BLAST

42

E Value 0.005

1
Run

PSI-BLAST

43

2

: 

Mreb: 
DnaK:

PSI-BLAST

44

3

PSI-BLAST

45

4

ParM

PSI-BLAST

46

5

ParM
1

PSI-BLAST

47

6

6 E Value < 0.005

DALI

DELTA-BLAST

48

seq3.txt 1atn
A

Database Protein Data Bank 
proteins(pdb)

DELTA-BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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DELTA-BLAST

49

DELTA-BLAST

50

Domain Enhanced Lookup 
Time Accelerated BLAST

PSSM
RPS-BLAST

PSSM

PSSM

Boratyn G. M., et al. Biol Direct. 2012; 7:12.

CDD PSSM

A
C
D
E
 

A
C
D
E
 

A
C
D
E
 

Query seq. Domain 1

Domain 2

Domain 3

DALI
• DALI: 

– http://ekhidna2.biocenter.helsinki.fi/dali/

51

• PDB search
– PDB

• All against all
– PDB

• Pairwise
–

DALI

52

PDB ID: 1atn A
seq3.txt

submit

DALI

53GO

DALI

54

PSI-BLAST

55

Chain A, Mreb From Thermotoga Maritima [Thermotoga maritima]
Sequence ID: 1JCE_ALength: 344 Number of Matches: 1
Range 1: 29 to 332
Score Expect Method Identities    Positives Gaps
46.2 bits(108) 4e-05 Composition-based stats.  49/332(15%)   111/332(33%) 36/332(10%)

Query  33   PSIVGRPRHQGVMVGMGQKDSYVGDEAQSKRGILTLKYPIEHGIITNWDDMEKIWHHTFY  92
PS++      G ++ +G       +        +    P   G+I ++        +   

Sbjct 29   PSVIAIDSTTGEILKVG---LEAKNXIGKTPATIKAIRPXRDGVIADYTVALVXLRYFIN  85

Query  93   NELRVAPEEHPTLLTEAPLNPKA-NREKMTQIMFETFNVPAMYVAIQAVLSLYASGR--- 148
P ++   P+      R  +     E      +++  +   +   S    

Sbjct 86   KAKGGXNLFKPRVVIGVPIGITDVERRAILDAGLEA-GASKVFLIEEPXAAAIGSNLNVE  144

Query  149  --TTGIVLDSGDGVTHNVPIYEGYALPHAIMRLDLAGRDLTDYLMKILTERGYSFVTTAE  206
+   V+D G G T    I  G  +      + +AG +  + +++ + E   ++    

Sbjct 145  EPSGNXVVDIGGGTTEVAVISLGSIV--TWESIRIAGDEXDEAIVQYVRE---TYRVAIG  199

Query  207  REIVRDIKEKLCYVALDFENEMATAASSSSLEKSYELPDGQVITIGNERFRCPETLFQPS  266
+K ++  V    EN+     + S ++ S  LP    +  G  R    

Sbjct 200  ERTAERVKIEIGNVFPSKEND-ELETTVSGIDLSTGLPRKLTLKGGEVR----------E  248

Query  267  FIGMESAGIHETTYNSIMKCDIDIRKDLYAN-NVMSGGTTMYPGIADRMQKEITALAPST  325
+      I E+   ++ K   ++  D+      ++GG ++  G+   +QKE 

Sbjct 249  ALRSVVVAIVESVRTTLEKTPPELVSDIIERGIFLTGGGSLLRGLDTLLQKETG------ 302

Query  326  MKIKIIAPPERKYSVWIG-GSILASLSTFQQM  356
I +I   E   +V  G G +L  ++  +++

Sbjct 303  --ISVIRSEEPLTAVAKGAGXVLDKVNILKKL  332

1jce A Mreb From Thermotoga Maritima
PSI-BLAST 2

DALI

56

DSSP  lllllLLEEEEELLLEEEEEELLLlLLLEEEELLEEEELLleeellllLLLL-EELHHHH
Query dedetTALVCDNGSGLVKAGFAGDdAPRAVFPSIVGRPRHqgvmvgmgQKDS-YVGDEAQ   59
ident           | |         |        ||                     || || 
Sbjct -----KDIGIDLGTANTLVFLRGK-GIVVNEPSVIAIDST--------TGEIlKVGLEAK 46
DSSP  -----LEEEEEELLLEEEEEELLL-EEEEEEELLEEEELL--------LLLEeEELHHHH

DSSP  HLH----HHEEEELLEELLEELLHHHHHHHHHHHHHlLLLLL--hHHLLEEEEELLLLLH
Query SKR----GILTLKYPIEXGIITNWDDMEKIWHHTFYnELRVA--pEEHPTLLTEAPLNPK 113
ident               |   | |  
Sbjct NXIgktpATIKAIRPXRDGVIADYTVALVXLRYFIN-KAKGGxnlFKPRVVIGVPIGITD 105
DSSP  LLLllllLLEEEELLEELLEELLHHHHHHHHHHHHH-HHHLLlllLLLEEEEEELLLLLH

DSSP  HHHHHHHHHHHhHLLLLEEEEEEHHHHHHHHLLLL-----LEEEEEELLLLEEEEEEELL
Query ANREKMTQIMFeTFNVPAMYVAIQAVLSLYASGRT-----TGIVLDSGDGVTHNVPIYEG  168
ident   |                            |           | | | | |    |  |
Sbjct VERRAILDAGL-EAGASKVFLIEEPXAAAIGSNLNveepsGNXVVDIGGGTTEVAVISLG 164
DSSP  HHHHHHHHHHH-HLLLLEEEEEEHHHHHHHHLLLLlllllLEEEEEELLLLEEEEEEELL

DSSP  EELhhHLEEELLLHHHHHHHHHHHHHLLLLLLllhhHHHHHHHHHHHHLLLLllLHHHhh
Query YALphAIMRLDLAGRDLTDYLMKILTERGYSFvttaEREIVRDIKEKLCYVAldFENEma 228
ident             ||            |                 |     |      |  
Sbjct SIV--TWESIRIAGDEXDEAIVQYVRETYRVA---iGERTAERVKIEIGNVF--PSKE-- 215
DSSP  EEE--EEEEELLLHHHHHHHHHHHHHHHHLEE---lLHHHHHHHHHHHLLLL--LLHH--

DSSP  hhhhlllLLEEEELL------lLLEEEEL-LHHHHLLHHHHLhhhhlllllLHHHHHHHH
Query taassssLEKSYELP------dGQVITIG-NERFRCPETLFQpsfigmesaGIHETTYNS 281
ident                           |    |                    | |    
Sbjct -----ndELETTVSGidlstglPRKLTLKgGEVREALRSVVV---------AIVESVRTT  261
DSSP  -----hhHLEEEEEEeelllleEEEEEEEhHHHHHHLHHHHH---------HHHHHHHHH

1jce A Mreb From Thermotoga Maritima
DALI 984

: 14%  RMSD: 3.7Å 333 307
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DALI

57

DSSP  HLLLLLLLHHHHH-LLEEEELHHHHLLLHHHHHHHHHHllllllllLLEELLLLHHHHHH
Query IMKCDIDIRKDLY-ANNVMSGGTTMYPGIADRMQKEITalapstmkIKIIAPPERKYSVW 340
ident   |       |         ||     |     |||          |  |   |    | 
Sbjct LEKTPPELVSDIIeRGIFLTGGGSLLRGLDTLLQKETG--------ISVIRSEEPLTAVA  313
DSSP  HHLLLHHHHHHHHhHLEEEELHHHLLLLHHHHHHHHHL--------LLEEELLLLLLHHH

DSSP  HHHHHHHHLLL-LHHHLEEHhhhhhhllhhhhl
Query IGGSILASLST-FQQMWITKqeydeagpsivhr 372
ident  |   
Sbjct KGAGXVLDKVNiLKKLQGAG------------- 333
DSSP  HHHHHHHHLHHhHLLLLEEL-------------

Pfam
• Protein families database of alignments and HMMs
•

HMM
•
•
• https://pfam.xfam.org/

58

Pfam

VIEW A SEQUENCE: UniProt ID
NCBI GI number
VIEW A STRUCTURE: PDB ID

59

Pfam

seq1.txt

Go

60

SEQUENCE SEARCH

Pfam

61

(4)
(5)

(8)

Pfam

InterPro

Pfam

62

Pfam

63

Pfam

Clan PKinase protein kinase domain

64

PKinase 38
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Pfam

65

Clan PKinase

Pfam

HMM
SEQ

66

PRINTS
•
• SWISS-PROT TrEMBL

•
• : BLOCKS
• 1
• http://umber.sbs.man.ac.uk/dbbrowser/PRINTS/

67

XXXXXX
XXXXXX
XXXXXX
XXXXXX

XXXXXX
XXXXXX
XXXXXX
XXXXXX

XXXXXX
XXXXXX
XXXXXX
XXXXXX

XXXXXX
XXXXXX
XXXXXX
XXXXXX

XXXXXX
XXXXXX
XXXXXX
XXXXXX

fingerprint (PRINTS)

Multiple motif method

PRINTS

68

PRINTS

seq1.txt Scan 
Query

69

PRINTS

70

PRINTS

71

NCBI CDD
• Conserved Domain Database
•
• Pfam SMART COG

BLAST
• CD-Search: 
• CDART: 
• https://www.ncbi.nlm.nih.gov/cdd

72
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CD-Search

73

BLAST

seq1.txt SRC

CD-Search

74

75

BLAST

PSI-BLAST

PROSITE

NCBI nr 108

TrEMBL, 108

SwissProt 105

Pfam 1.9 104

CDD 1.6 104

SMART 1.3 103

PROSITE 1.9 103

76

105 108

103 104

MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSY
TAANKNKGIIWGEDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAY
LKKATNE

BLAST

PSSM
HMM

clan

signature

77

InterPro
•
• signature

• https://www.ebi.ac.uk/interpro/

78

InterPro

SRC
seq1.txt

Search

79

FASTA

seq1

InterPro

80
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InterPro

81

PF: Pfam
PS: PROSITE
SSFS: Superfamily
PR: Print
SM: SMART
G3DSA: CATH Superfamily

InterPro

InterPro

82

InterPro

83

signature

PDB CATH

GO Term

UniProtKB
• UniProt Universal Protein resource : EBI SBI PIR Protein

Information Resources
• UniProt
• https://www.uniprot.org/ KB: Knowledge Base

84

UniProtKB

85

SRC
seq1.txt

Search

BLAST

UniProtKB

FASTA

86

seq1.txt
SRC_HUMAN

UniProtKB

87

UniProtKB

Gene Ontology

88
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UniProtKB

89

UniProtKB

90

UniProtKB

91

UniProtKB

92

UniProtKB

93

2

PDB

UniProtKB 10

94

UniProtKB 11

95

FASTA P12931
BLAST

ID

UniProtKB 12

96

Align

tyrosine protein kinase ID: P12931
tyrosine protein kinase transmembrane receptor ID: Q01973
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UniProtKB 13

97

Clustal Omega

P12931 PROSITE

Q01973 PROSITE

98

P12931 SRC_HUMAN     1 ------------------------------------------------------------ 0
Q01973 ROR1_HUMAN    1 MHRPRRRGTRPPLLALLAALLLAARGAAAQETELSVSAELVPTSSWNISSELNKDSYLTL  60

P12931 SRC_HUMAN     1 ----------MGS------------------------NKSKPKDASQRRRSL---EPAEN  23
Q01973 ROR1_HUMAN   61 DEPMNNITTSLGQTAELHCKVSGNPPPTIRWFKNDAPVVQEPRRLSFRSTIYGSRLRIRN 120

:*.                          .:*:  * *    .*
P12931 SRC_HUMAN    24 VHGAGGGAFPASQTPSK-------------------------PASADGHRGPSAAFAPAA  58
Q01973 ROR1_HUMAN  121 LDTTDTGYFQCVATNGKEVVSSTGVLFVKFGPPPTASPGYSDEYEEDGFCQPYRGIAC-- 178

:. :. * * .  * .*                           . **.  *  .:*   
P12931 SRC_HUMAN    59 AEPKLFGGFNSSDTVTSPQRAGPLAGGVTT-----------------F----VALYDYES  97
Q01973 ROR1_HUMAN  179 --ARFIGNRT--VYMESLHMQGEIENQITAAFTMIGTSSHLSDKCSQFAIPSLCHYAFPY 234

:::*. .    : * :  * : . :*:                 *    :. * :  
P12931 SRC_HUMAN    98 RTE------------------------TDLSFKKGERLQIV-------------NNTEGD  120
Q01973 ROR1_HUMAN  235 CDETSSVPKPRDLCRDECEILENVLCQTEYIFARSNPMILMRLKLPNCEDLPQPESPEAA  294

*                        *:  * :.: : ::             :. *. 
P12931 SRC_HUMAN   121 WW------LAHSLSTGQTGYIPS--NY----VAPSDSIQAEEWYFGKITRRESERLLLNA  168
Q01973 ROR1_HUMAN  295 NCIRIGIPMADPINKNHKCYNSTGVDYRGTVSVTKSGRQCQPWNSQYPHTHTFTALRFPE  354

:*. :...:. *  :  :*     . ... *.: *       :    * :  
P12931 SRC_HUMAN   169 ENPRGTFLVRESETTKGAYCLSVSDFDNAKGLNVKHYKI----RKLDSGGFYITSRTQFN  224
Q01973 ROR1_HUMAN  355 LNGGHSYCRNPGNQKEAPWCFTLDENFKSDLCDIPACDSKDSKEKNKMEILYILVPSVAI  414

*   ::  . .: .:. :*:::.:  ::.  ::   .     .* .   :**   :   
P12931 SRC_HUMAN   225 SLQ-QLVAY------------------YSKHADGLCHRLTTVCPTSKPQTQGLAKDAWEI  265
Q01973 ROR1_HUMAN  415 PLAIALLFFFICVCRNNQKSSSAPVQRQPKHVRGQNVEMSM------LNAYKPKSKAKEL  468

* *: :       **. *   .::        ::    ..* *:
P12931 SRC_HUMAN   266 PRESLRLEVKLGQGCFGEVWMGTWN-----GTTRVAIKTLKPGT--MSPEAFLQEAQVMK  318
Q01973 ROR1_HUMAN  469 PLSAVRFMEELGECAFGKIYKGHLYLPGMDHAQLVAIKTLKDYNNPQQWTEFQQEASLMA  528

* .::*:  :**: .**::: *     :  *******  .   .   * ***.:* 
P12931 SRC_HUMAN   319 KLRHEKLVQLY-AVVSEEPIYIVTEYMSKGSLLDFLKGE---------------TGKYLR  362
Q01973 ROR1_HUMAN  529 ELHHPNIVCLLGAVTQEQPVCMLFEYINQGDLHEFLIMRSPHSDVGCSSDEDGTVKSSLD  588

:*:* ::* *  **..*:*: :: **:.:*.* :**  .    . . * 
P12931 SRC_HUMAN   363 LPQLVDMAAQIASGMAYVERMNYVHRDLRAANILVGENLVCKVADFGLARLIEDNEYT-A  421
Q01973 ROR1_HUMAN  589 HGDFLHIAIQIAAGMEYLSSHFFVHKDLAARNILIGEQLHVKISDLGLSREIYSADYYRV  648

:::.:* ***:** *:.   :**:** * ***:**:*  *::*:**:* * . :*  .
P12931 SRC_HUMAN   422 RQGAKFPIKWTAPEAALYGRFTIKSDVWSFGILLTELTTKGRVPYPGMVNREVLDQVERG  481
Q01973 ROR1_HUMAN  649 QSKSLLPIRWMPPEAIMYGKFSSDSDIWSFGVVLWEIFSFGLQPYYGFSNQEVIEMVRKR  708

:. : :**:*  *** :**:*: .**:****::* *: : *  ** *: *:**:: *.: 
P12931 SRC_HUMAN   482 YRMPCPPECPESLHDLMCQCWRKEPEERPTFEYLQAFLEDYFTSTEP---QYQPGENL-- 536
Q01973 ROR1_HUMAN  709 QLLPCSEDCPPRMYSLMTECWNEIPSRRPRFKDIHVRLRSWEGLSSHTSSTTPSGGNATT  768

:**  :**  ::.** :**.: *..** *: ::. *..:   :.        * *
P12931 SRC_HUMAN   537 ------------------------------------------------------------ 536
Q01973 ROR1_HUMAN  769 QTTSLSASPVSNLSNPRYPNYMFPSQGITPQGQIAGFIGPPIPQNQRFIPINGYPIPPGY  828

P12931 SRC_HUMAN   537 ------------------------------------------------------------ 536
Q01973 ROR1_HUMAN  829 AAFPAAHYQPTGPPRVIQHCPPPKSRSPSSASGSTSTGHVTSLPSSGSNQEANIPLLPHM  888

P12931 SRC_HUMAN   537 ------------------------------------------------- 536
Q01973 ROR1_HUMAN  889 SIPNHPGGMGITVFGNKSQKPYKIDSKQASLLGDANIHGHTESMISAEL 937

270

523

746

protein kinase domain
473

•

• 3 60
•
•

+H3N-

H-regionN-region

C-region
N 1 3

99

: N 20

-Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

-Leu-Ala-Leu-Lys-Leu-Ala-Gly-Leu-Asp-lle-

+H3N-Met-Leu-Ser-Leu-Arg-Gln-Ser-lle-Arg-Phe-Phe-Lys-Pro-
Ala-Thr-Arg-Thr-Leu-Cys-Ser-Ser-Arg-Tyr-Leu-Leu-
+H3N-Met-Val-Ala-Met-Ala-Met-Ala-Ser-Leu-Gln-Ser-Ser-Met-
Ser-Ser-Leu-Ser-Leu-Ser-Ser-Asn-Ser-Phe-Leu-Gly-Gln-Pro-
Leu-Ser-Pro-lle-Thr-Leu-Ser-Pro-Phe-Leu-Gln-Gly-

-Ser-Lys-Leu-COO-

+H3N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-Val-Gly-lle-Leu-
Phe-Trp-Ala-Thr-Glu-Ala-Glu-Gln-Leu-Thr-Lys-Cys-Glu-Val-
Phe-Gln-

-Lys-Asp-Glu-Leu-COO-

 : : : : OH

100

•
– TargetP

•
• http://www.cbs.dtu.dk/services/TargetP/

– PSORT
•
•
• https://psort.hgc.jp/

•
– SignalP

•
• http://www.cbs.dtu.dk/services/SignalP/

101

• machine learning
–
–

•
• HMM Hidden Markov Model
• SVM Support Vector Machine
•
•

–
•

•
–
–

102

TargetP

103

seq4.txt

Submit

Plant

http://www.cbs.dtu.dk/services/TargetP/

TargetP

104

cs: cleavage site 
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SignalP

105

seq5.txt -

Submit

Eukaryotes

• Sec/SPI: "standard" secretory signal peptides transported by the Sec 
translocon and cleaved by Signal Peptidase I (Lep)

• Sec/SPII: lipoprotein signal peptides transported by the Sec 
translocon and cleaved by Signal Peptidase II (Lsp)

• Tat/SPI: Tat signal peptides transported by the Tat translocon and 
cleaved by Signal Peptidase I (Lep) 

http://www.cbs.dtu.dk/services/SignalP/

SignalP

106

cs: cleavage site

•
–

• 20 30
• 25%

•
–

•
•

–

•

107

•

108

•
SVM

•

•
• TMHMM

– http://www.cbs.dtu.dk/services/TMHMM-2.0/
• SOSUI

– http://harrier.nagahama-i-bio.ac.jp/sosui/
• PSIPRED

– http://bioinf.cs.ucl.ac.uk/psipred/
• Phobius

– http://phobius.sbc.su.se/

109

Phobius

110

rhodopsin.txt

http://phobius.sbc.su.se/

Phobius

111

i
o
M
s

1. PurR UniProtKB ID:
P0ACP7 PURR_ECOLI DNA

lac

(1) DNA

PROSITE
(2) D-

GBP
NCBI BLAST Swiss-Prot

PSI-BLAST
GBP UniProtKB ID

2
(3) (2) (1) GBP

?

112
Swiss-Prot UniProtKB ID UniProtKB ID

English version is +3
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2. seqx.txt

(1)

(2)

(3)
UniProtKB (1),

(2)

113

• ITC-LMS
– zoom

• ITC-LMS
– ITC-LMS

• shimizu@bi.a.u-tokyo.ac.jp
• 20:30

– zoom

114

4 23 24 0
Submit the assignments until April 23.

Assignments 1 / 2
1. The purine repressor protein, PurR, is a member of the lac

repressor family of Escherichia coli DNA-binding proteins
(UniProtKB ID: P0ACP7 (PURR_ECOLI)). Answer the
following questions.

(1) Describe the name, the pattern (regular expression),
and the position (in residue number) of the motif which
is related to DNA binding contained in PurR. You can
use PROSITE.

(2) This protein is known to have sequences similar to
those of E. coli periplasmic D-galactose binding
proteins (DBPs). Perform a PSI-BLAST search against
Swiss-Prot database in the NCBI BLAST site and
describe the UniProtKB ID of the DBP. Also describe
the aligned region of the two proteins and the
sequence identity of the region.

(3) Answer whether the above motif (1) is aligned to the
DBP of (2) or not when using PSI-BLAST.

115
Swiss-Prot sequences are identified by the UniProtKB IDs.

Assignments 2 / 2
2. For the human protein sequence in “seqx.txt”,

answer the following questions.
(1) Is this protein predicted to contain a signal

peptide? If so, describe its position (in residue
number). Use an appropriate prediction tool.

(2) Is this protein predicted to contain
transmembrane regions? If so, describe their
position (in residue number). Use an appropriate
prediction tool.

(3) Compare the annotation described in the
sequence database (e.g. UniProtKB) with the
prediction results of (1) and (2).

116

Attendance check and assignments submission

• Attendance is taken via ITC-LMS.
– You can find one-time password in the zoom chat.

• Submit the assignments to the ITC-LMS site.
– If you cannot use ITC-LMS, you can submit the

assignments to the following address via e-mail.
• shimizu@bi.a.u-tokyo.ac.jp

• The class ends at 20:30. You should submit
the assignments before the end of the class.
– If you cannot meet the deadline, please contact us

via the zoom chat.

117
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